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Together with a presentation of the theoretical
foundetion of this phenomenon, the illumination
during different phases of & luner eclipse are
caleoulated for a standard terrestrial atmosphere
without czone, as well as for the varying dis-
tribution of czone depending on altitude above
sea level. The results are summarized in table
3. This table contains: 1) the different limit-
ing heights in the atmosphere i1lluminated by
paasing solar rayas, as this appears from the
roon; 2) the corresponding phase anglea for the
observed area of the moon, i.s. the angular
distance of the area from the center of the
earth's umbra; 3) the illuminetion J/J, for
A=0.5 g, oasloulated for a standard atmosphere
without ozone in units of illumination produced
by the uneclipsed sun; 4) and 5) the =same as 3)
but for an ozcne admixture with a total vertical
depth equal to 0,031 and at heights of 21 and

26 km, raspectively; 6) and 7) the absorption
produced by ozons under these conditions expres-
3ad in stellar magnitudes.

An inspection of photometric surves, similar to
those in figs. 2-6, indicates that it is possible
to determine the distribution of atmospherio
ozone on the basis of altitude, as well as its
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total content in the atmosphere,

During lunar eclipses diverse regions on the moon
are illuminated by sclar rays which simultaneocusly pass
through different layers of the earth's atmosphere.
This 1llumination may bs computed thecretically by assum-
ing a certain standard condition of the earth’s atmosphere.
Any admirxture in the atmosphere's high layers of foreiga
abscrbing particles incapable of changing the direction
of the sclsr rays, as well as the ocourrence of a certain
amount of oczone may be discovered by photometric measure-
ments made in different wave lengths during wvarious phases
of the eclipse.

To facilitate such caleulstions 1t 1s desirable to
heve tables at hand which reprssent the trajestories of
solar rsys which pass directly through the earth's atmo-
sphers at diverse minimum altitudes h, above sea level.

lLet there be for each parameter of h, at the polar
coordinates r and @, considered from the centsr of the
earth, the relation S

r=7 (@, hy),
a3 well as the corresponding expreesion for refraction

.whers the amplitude angle @ is taken from the direction
of the initial vector. The accuracy of these magnitudes
for r and Refr depends entirely on the value of the refrac-
tive index n at different altitudes.

We have,with sufficient accuracy,

l4cp ,

whare P 1s the alr density. The constant ¢ depends on A.
The relations may be found, as this has beesn shown in detail
in (1), through the series representing the radius veotor as
a function of the amplitude angle by means of the so-called
coeffiolents of refracticn. To determine the refraction it
is also possible to use a similar series, although the ac-
curacy will then be considerably reduced, due to the fact
that this has essentially to be derived from the amplitude
angle which lowers convergence considerably. However,

since the vaelue of refraction betwean the point of greatest
approach of the trajsctory to the sarth's surface at alti-
tude hp and the given veotor is

Refr = { +¢ - 90° ,

n
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"whereupon

Ar
otg a.;§<;;$) o (1)

it appears simpler, instead of using the series, to employ
the fundamental refraction equation with the known ferm

rn P ;m. § = Iy A, ,41:%— {0 ® (2)

Knowing r as a function of &, we find § from this and then
ths corresponding Refr. It is also possaidle to directly
datermine the trajectory of the ligzht ray pessing through
the entire stmosphere by means of an equation described in
the form of an integral in which the radius vector is a
variable. ’ '

Actually, excluding angle { from relations (1) and
(z), we obtain '

' To g (2
- -
o/ , : *
AN E A .

This equation may te used oonveniently to compute the
trajectory of the liight beam, only ir{ , differs from
90° and, hencs, the denominator is not reduced to zero
at any one of its points,

Besides, starting out from (2), ‘angle§ may be
represented in the form

st

Coeomt-( 2B H)

¥,

— 2 )
V>, =C00)

Taking into c¢onsideration éhat angle is reduced to zero
at infinity when r»==co, and noting that for the initial
point of the trajlecteory

ngo; Po=ry; Re=ng

we find




() ( (1)
L e (ot
S | g (B2 ;;e{; T - (2

The first integral on the ri@ht side of this equation
represents the amplitude angle ¢ , taken between the
initiel and infinitely distant points on the light
trajectory which 1s equal to the true zenith distance
of the luminary $j, that it has in the absence of
refraction. On the other hand,‘f is the apparent
zenith distance at the initial pognt of the trajectory.
Refraction throughout the entire range of the light
beam is, apparently, the difference

Refr = :{-— CO

. n,‘. , ‘,_4("»,,)
Refr — .

\ Ve T ()

The refraction between the original and any intermediate
points in the trajectory is evidently,

and, consequently,

( ma(® |
Refr = S St () .
s /f;’; ot

In order to avoid singularity in the integrand for the
initial point in the trajectory, computations may be made
frem its terminal point upon escape from the atmosphere,
making the radius vector large enough and assuming the
refractive index is equal to unity. In any case, the
computation of the lisht trajectories which pass through
the terrestrial atmosphere at different altitudes above
the earth's surfece does not present any ditficulty.
Appropriate tables, which we have figured out for 0.5 p
wave length, are given in (1).

The determination of the extinction coeffioient
which corresponds to each element in the light beam tra-
Jectory is incomparadly more difficult, inasmuch as this
is related to diverse admixtures in the gas medium at
different altitudes, and the proportion of these admixture:




is far from constant. Tt may be assumed that the ocontent
of very fine dust inoressesn with altitude, although water
rairs oceur in eompistely Insignificant quantities beyond
the troposphere. I% may nevertheless be assumed for the
standard atmosphers without ozons that the coefficient of
absorption k in the expression

dT =kp ak
is & constant value, so that

T = k gf‘dh R

This coefficient may be determined by the transparency of
the atmosphere, known from obssrvation

pme.’.f

ALl other Imetors, as, for instance, ozons or coamic dust,
1f suen exists in the high layera of the atmosphere, pro-
duce a certein deviation from standard conditions and may
be differentiated by pertinent observations during lunar
eclipaa,.

We will imagine that there igs & hypothetical obser-
ver on the surface of the moon st the time of an sclipse,

For this obsaerver each element of the solar disk

do ::r'dr'dcp
is visually transposed by the sction of double refraction to

the imredinte vicinity of the visible limb of the earth and
is transferred to the extraordinarily compressed element

i0'=papd @ ,

whsre p=R <+ by |

All values which enter the rioture hers are expreasesd
in the very same angular units. The corresponding double
rafraction, known from_the table, as a funection of h, is

2 Refr=1p - r =R+ hy ~r .



The illumination of a particular arsa on the moon
13 determined %y integrstlion of all ths elements of the
solar disk, expressed by the equation

A+, f“”r <
f s N,
Ll = Y AY
roal | ZERIE)
J (3}
0'":""’0
whers is the angular disbtance beltween the centers of

the %a:“m and sun sesn from & gpiven Pegion on the moon,

is the solar radiua in the game angular measure,

} « 43 the distribution of brighitnesa on the solar

{ext] - 18 extinoctlion.

We heve Pound through obvicus considerations that

oy Ry AR AT M;%fﬁe

Copilg e I s o -

Foaray’ ,‘LA,, o i AfAK a't?«,
A hg

Fasging from h, sxnrassed in sngular msasure Ho
the linsar value expressau for inztance, in kilometers
and deriving from double rafraction acsording to its
shsolute value, we find th&t

Ty e
: A,

1 - 33 the distance bebvween the moon and saride

The latter equation accurately represents the
weakening in illumination from the sun, as a result of the
dispsrsion of rays which pass through the non-homogeneous
medium of the earth's atmosphere with a gradusl lessening
in the curvature of the rays at a greater distance from
the eaprth's surface.

Hence, when atmoqpher s extinetion is lacking, the
apparent brightness of the soler imsasge, tranaformed by the
eaPth's atmosphere, as seen by an observer on the moon,
remsins identical %o that without an eclipse.

This same effect, although to an incomparably lesser
sxtent, also exists for an observer situated directly on
t e surfaue of the earth when the the sun passes close to

tbe horizon., Sincs this effect does not depend on the

spular dimensions o? the objest, it should be taken into
eonsideration for sters as well, acting toward an increase
in crdinary atmoapherice extination.
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With the intention of investigating dliverse admix-~
tures to the standard atmosphere, how these appear at the
different altitudes h,, it is pore sxpsdient to write
anuation (3} in an gquivalent fora, integrating with h,
instead of r. In ascordance with this, for actual calcula-
tion, one essumss the expression '

A48, Yot

: { S ‘
- P /. + 4 ; \‘-» ." R £ o
A8 o 4

where

lext) = & =",

T - i the optical depth of the entire atmosphere along
the pertinent horizontal ray which passas abcve the ter-
restrial surfacs at the minlmun hsight h%.

Tilumination, represented by equation (4), should
be referred to the illumination which is produced by the
sup on the seme reglon of lunar gsurface without an ecllpse.
To do this, the velues which have beer found should be
diffesantisted as ‘

- ;
5, s {5)

wiere éﬁ}} indicates, Jjust as before, the distridbution
of intensgity on the sun's disk.

The extinotion of horizontal rays and corresponding
refractive dispersion reduce the luminosity of the moon
Aduring ezlipse %o an extremely hlgh degree. In all actual-
1ty, during the full lunar eclipse only = very small part
of the sun's disk {neesr the 1limb of the earth) is of real
{mportance. Close to the end of full phass the actlve
norsion of the atmosphere whioh appears 1lluminated to the
moon viewer incessantly increases with the approach of the
sun 40 the earth's limb, encompaesing ever greater heights,
while the inside section of the deformed imape of the sun
remeins prectically bound to thess same low alr layers,

Ty the simplest particulsr inatance, ocorresponding
to the centrsl phase of the full eclipse, whers d egnals
zero, and the entire event is distinguished by complete
symmetry, each circular ring into which the solar Gisk
czould be divided yields two imeses for the hypothetical
obssrver on the moon. The nost extreme ring which correspondr




to the external contour of the solar disk assumes the
form of the thinnest annulus, enciroeling the entire
earth and is visible -at an altitude of 5.56 km, and at
the same time the shape of a weaker ring, visible at &
height of 1.55 km. T

Tyery other concentric zone 1n the center of the
gsolar disk also produces two images, 80 that in the final
reckoning the whole solar disk is situated between the
indicated limits, appearing as a dense ring with a total
visible width of only 2.5", the brightness of which falls
repidly according to the degree of proximity to the
earth's limb, ,

Tt follows from this that the solid angle under
which the sun appears from the moon dwindles at the
momentof the eclipse's central phase to a negligidbly
smel! fraction, namely approximately 70 times less than
the initial value, meanwhile including together with this
the effect of dispersion‘which was mentioned above.

To perform needed computations, we have compiled
an auxiliary table aceording to argument hy, giving
R4 hg , furthermore the horizontal double refraction,
the radius vector r, whereupon the corresponding element
in the solar disk is taken visually up to the level of
the given layer, of atmosphere, and finally, the degree of
transparency e~< for the gliven trajectory. The radius
of the ecarth's disk is taken at 57.6. In further caloula-
tions the radius of the solar disk is assumed to be equal

to 16' (see table 1l).
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TABLE 1
Ae [ [ EYN IRetr » © i
] ] ] [ 1 N
5 emi  0N045 57:645 457490 127555 1 0.9M 105
10 0.050 57,6890 24.480 36.540 10, 7x 070
15 0.438 57.730 8.906 48,74t 0.406)
£1.5 0.159 §7.759 §.000 54.680 6.2234
29 @.48¢ - 87.184 3.81% 53,082 0.384
®2.5 G204 57,8035 - 2.474 55.330 0.498
25 6,228 57.828- 4.6 " 53,120 0.5
27.% 0.248 57.548 1.208 - 56.640 Q. 7i8
30 9.21 57.871 0. 800 §7.011 0,805
a5 ¢.318 6. 818 G400 57.546 0.90 -
40 . 302 57.802 . 6,200 57.762 0.058
45 0,407 58.007 G¢. 106 5%.907 0.6
3] 0.452 58,062 ¢ €.050 58.002 0.968
55 0.497 58097 .028 58.072 0.904
w“ 0.542 58.442. 0.012 58.130 0.908
65 0.587 58,187 0.006 58.481 1.000
Lt 0.833 f BBIeR €.003 48.230 $.0
5 0.678 58.218 0.0015 88,377 1.0 .
&) 70,724 58.324 0,06975 58,323 1.0 .
85 0.768 68,368 0.00038 58.368 S N
90 0.814 38414 0.00049 58 414 1.0
100 4,904 58.504 Q. 00005 58, 504 - 4.0
110 0.994 58.5M 0.00 58.504 4.0
129 1.084 58.684 | 0.00 56.684 1.0
425 1.430 58,730 6.0 58,73 1.0
150 1.356 53,958 0.00 58.958 1.6 -
175 1.582 59482 0.00 50.482 £.0
200 1.808 56,408 0.00 59.408 Lo .
250 2.4680 . 50.860 G.00 50,860 1.0
300 2.712 60.342 0.00 80.312 1.0
350 3.464 60,764 0.00 €0.754 1.0
400 3.618 61.216 0.00 81,246 1.0
800 7.232 64,832 0.00 66.832 1.0




In order to take the effect of ozone into considerasion
for any particuler wave length, 1t is Pirat of all neces-
sary to estimste the optleal depth for the respective
trajoctorises of the aniar reys. Two chorscteristic cages
are examined., Assuming the distribution of ozone in rela-
tion to eltitude to be in scoordance with laplace's formula

C = Ao~ {h - n?,

wi take the helght of maximum concentration hy ss 21 and 26
km respsctively. Coefficlent o is assumad eqlinl to 0.0283,
which corresponds to s four-fold drop in ozone concentra-
tion every 7 km in sltitude (sece (2} ).

The optical depth for the horizontal trajectories
is computed sccording to the ususl expression

SG see’ G- dh ,

which is equivalent to the following

Lo ik (RER}@
g e (oA RV
Lo LAY cew (F —Bofrl

h

vielficlent A is determined by comparing its value
with the optical depth elong the verticsl, sssumed equal
to 0.0% fora=0.%5 u. The transparency e~% for ozone,
compntid An & similar menner for different horizontal
trelsconrics whish correspond to the total range at hy,
is precanted in table 2., As may readily be seen, this
indicatee the cheracteristic path at altitude hy, snd is
sirongly reminlscent of the 08tz reverse effect. Trans-
varensy in the ozons is not very low precisely at the
lowsal layers, further dropping with sltitude, and upon
renching the minimum somewhat below the height of maxi-
mum gopncentration rapidly increases right up to unity.
In essence, both curves which represent transparency in
the ozone are completely identical and diastingulshable
Trom one another solely by a shift in sltitude at 5 km
{ses table 2).




Table 2

&yt B A 36 N ke B oRu P aa

Cau b 08T 2 G180 0,302

9.6 L 6458 | -~ B 2231 0sm ! Oum
5 o400 | o4z oo a.mr ! oogee
38 ot | o4l amsloonT | ooa
e ez |oose X 9,034 | (.58
a5 | oodne 1 0365 ;i B 0898 | 0.925
15 Oaak | 0.543 {40 1000 | 0.pg
153 | oten | oz )

The data in this table are represented by the
surves in figure 1. Actually, both curves characteriz-
ing transyarency 1in the ozons for different horizontal
trejectories are nearly precisely marked by parallel
paths, ‘
In this menner, rather extensive computations
heve been made Tor the different angles d which essen-
1ally represent the angula distences between the centers
of the earth's shadow and the observed ares on the lunar
disk, Figures 2,3, and L show valuss of the Integrand
Functions (L) taken according to the argument hy for
three charscteristic values of the angles at 4, namely
immediately after the end of the full phase of the
eclipss, corresponding to 3 = L1%'.6, when the solar 1limd
seen from the moon reaches an altitude hp at 40,70 and
400 km respectively (d = 41'.96; 427.23; 45%.22).
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In these drawings the upper curve represents the
value of the integrand function for a standard atmosphere
with density distrlbution according to altitude in con-
formity with (2). The point curve refers to ozone con-
tent, shown above, with the maximum concentration at an
altitude of 21 km; the thin solid curve refers to the
Same ozone contemt, although with a maximum concentration
displaced 5 km higher, i.¢. up to 26 km.

As may be seen, even & small admixture of ozone
has an extraordinarily strong effect on the luminosity
of the moon's surface during an eclipse. Iven at the
maximum value of hy at 70 km, the influence of ozone is
still perceived extremely strongly, gradually lessening
howsver, as further transition into the penumbra occurs.
It is apparent, besides, from the illustrations presented
that a slight shift in the altitude of meximum ozone con-

centration exerts a very perceivable effect on the general
11lumination in the ocorresponding wave length. TFven at
h, equal to 400 km, where the influence of the lower
layers of the atmosphere makes itself very much negligible
in terms of general illumination, exact measurements may
Gisclose a discrepancy in the corresponding distribution
of ozone according to ealtituds,

All the numerical findings which have been gathered
are summarized in table 3.

4

iy

Fig. 3 Flg. 4




5 B 3 1
s O mat (Byma 34 wani by 25 mas
i Leyraea s | 0.650
W Q504078 | £ 478 1.0
10°4 | £.423.40¢ | €042 .50
5t 0.253-4008 + ¢ 4y 1.764
4is LT 4. 705 1.437
T a4 138008 | DL 0,58 |
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This tabls contains: 1) limiting altitudes in the
atmosphere which are still illuminated by passing solar
rays; 2 the corresponding phase angles for the observed
regions on the moon, i.e., the sngular distances of this
arez from the center of the torrestrial umdbra; 2} the
Lilumination 7/Jo for A= 0.5 u, computed for a standard
atmosphere taken without ozone and expressed in units of
illuminetion from the unsclipsed sun: &) and 5) are
similar illuminetions for ozone with full verbtical
optical dspth, equal to 0,031, and with heights of
maximum econcentration at respectively 21 and 26 kg
6) and 7) ere corresponding absorptions in stellar
magritudes, produced by ozone, The data given in these
tables make it possilble to trace photometric singular-
ities in the lunar eclipse, both for a standard atmo-
Sphere without ozone and also with ozone, distributed in
diverse mann:rs, Were observations to be made in wave
lengths where the influencs of the ozone absorption band
1s insisnificant, as, for instance, in the blue or ex-
treme red light rays, and a photometric curve is plotted
on the basis of these observations for the intermediate
part of the spectrum, where the effest of the Shapyui /%7
absorption band eppears, it would be poasible, by compar-
ing a2 similar neutralized curve with the actually obgemwed
ong for this part of the spectrum to deduce the effect of
czone at the pertinent wave length and thus at different
rhases of an eclipse,

The findiners will be similar to those shown on the
basis of the data in table 3 in fig. 5. As may be ssen,
evan absorption in such a weak band as the Shapyui band
3% & waveg length of 0.5 p attains values, for those hori-
zental rays which penetrate the earth's atmosphers, up
to 1.8 stellar magnitudes, and, moreover, to a considerabdle
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extent depends on the distribution of ozone according to
altitude. As pointed out above, the maximum altitudes

of hy, still 1lluminated by the sun, ere directly related
to the phase of the eclipse d. ‘

Fig. 5 Pig. 6

Finally, the general photometric curves are deplcted
in filgure ¢ which show the course of i{llumination of the
area on the moon during the phase of the eclipse for all
three cases indicated above (the standard atmosphere with-
out ozone and the same atmoavhere with the presence of
ozone, distributed diversely according to altitude).

Fyidently, within a full phase of an eclipse the
i1lumination of the lunar surface slowly and gradually
inereases by the sun's approach to the limb of the earth,
as 3a2en from the moon, PFurther on, upon transition to
the psnumbdbra, the i1llumination rapidly begins to grow,

The vweint in the photometric curve which corresponds to

i1ts maximum slope is perceived by the viewer as the edge

of the earth's shadow, It is immediately apparent from
this that the visible dimenaions of the earth's shadow

are noticeably greater than the theoretical values, deter-
mined by the inside contact of the sun with the limb of

the earth's disk. This has actually been confirmed by

all observers. The corresponding increase may be estimated
at 0',03 for the standard atmosphere lacking ozone, and
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at 0',1 - 0',2% for the real atmosphere with ozone. Gen-
erally speaking, the sdmixture of ozone in the upper
layers of the atmosphere may perceptibly lnorease the
aize of the earth's shadow. As s result of this, it
would be most expedient to measure the dimenaions of

the esarth's shadow during eolipse, even if this is during
the time the edge of the shadow passes through diverse
lupar deteils, provided that such measurements are made
simultaneously in different speotral bsnds which corres-
pond to absorption im ozone and without 1t. ,

The theoreticsl computations explalined above
graphically show the possibility of determining both the
total content cf vzome in the atmosphere and 1ts distri-
bution according to altitude from photometric observetions
made in different wave lengths and the corresponding
various eclipse phases, especially near the edge of the
umbra upon iis transitlon to the penumbra,

Together with this, these computations indicate
that it is absolutely unthinkable, as this has been done
by various suthora, to neglect the angular dimensions of
the sun, f.e., to consider that the illumination of the
lunar area during ssch given phese is detsrmimed by sclar
rays which pass solely along a single determined trajeo-
tory., On the econtrary, this iliumination is determlnsd
by the light psths which psas through at & wide range of
altitudesn, ‘

Tnatitute of Astrophysios Submitted to

Academy of Sclences, Kazakh SSR the editorial
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MEAN_HOURLY NUMBPR OF MPTEORS
RECORDED BY A RADAR SET
' 1. STREAMS
Ye.I. Flalko

Agtronomicheskiy Zhurnsl

[Astronamical Journaﬂg
Vol. ZZXVI, No.4, MHoscow,.
Jui. *Aug.l’:}fﬁg, F‘?’&Zﬁﬂ-éi’g

& general expression is given for the number
of metsors detected by a radar set durlng
norzel reflection {scattering) of radio waves
ty an lomized trail in the case of a sireanm.
A simplirisd workable formula has baen
derived, ’

The probdlsm of ths number of meteors reglstered
has besn examined in diverss works (1-4), eto.

Eowsver, it 18 necessary to trest more completely
and accurately the relation between the findings of
radar observebions {aceording to number) and the para-
meLers of the meteors, atmosphere and radar equipment.

1. THT DEPENDENCE CF THE NUMBER OF REGISTERED METHORS ON
THE PARAMETSRS OF THE RADAR SET AND CHARACTERISTICS
OF THE METEOR AND ATMOSPHERE

The quantity of meteoric bodles with masses in
the interval m=-m <+ A&m which pass per unit time through
s unit area, the normal path of the meteor, is equal (2)
to




AN =F#(m) 4. (1)

The number of meteors in a strean fixed for an
observation time t; = t2 1in the interval of altitudes
hy ¢ hy lying in tée gsector €] :+ O of the echo's plane
(2), a8 1t ia easy to show in the case of normal radio
wave reflection, w}ll be equal to (fig, 1)

N . ,

Cae (a6 g
/»-‘=—_§:.::5'x v {wf f (o) dom
g S 4 J o (2)

Bt P

where X - 13 zenith distance of the stream's radiant; 6 - is
the sngle and plane of the echo reckoned from a certain
direction (for exampls, axially); mgi - 13 the minimum
mass of s meteoric body which created &n ionized trail
detected by radar, equal to (2) v

JE— 3 |
w, b oo (IR K H Py'.} (3

H and p ~ are the altitude of the homogeneous atmosphere
and the atmospheyic pressure in a section of normal radio
wave reflaction; v - is the velocity of the meteor; p -
1s the probabdbility of ionization; P - 1s the mass of an
atom in the meteoric body; Q - is the coefficient eharac-
terizing the physical properties and geometrical peculi-
arities of the meteoric body (2); a4, - 18 the minimum
registrable linear density of the elsctrons, equal to {5)

o8

- AV (AP A+ 4 DT e
f 1:‘)‘3 G I“-e*'-‘?t??"’" e ) DT e J,‘

i f E sk R,

(4)

where Epor - 18 the power of the receiver signal threshold;

R - 1s the slant range from locator station to the meteor
track; Py - is the radiated power in a pulse; A - ig the
wave lenigh; G - 1s the dirsctive gain of the antenna;

B= 8,108 elsc/om; « - is the initilal radius of the
meteoric trail; D - is the diffusion factor (at the point
of radio wave reflection); Tp.. is the minimum time neces-
sary for registration, during wﬁioh the echo signal should
exceed the threshold level; . :

- L6’ DR
A= . (5)




Fig. 1. The echo plane: F (8) -

- is a é&iagram of the
directivity of emission
in the echo plane; h -
is the altitude above the
earth’s surfacs; 4S8 - is
the echo plane elerment

The differential law of mass digtribution of meteor~

lc bodies is ordinarily written in the form (2,6):

A
f(fw) =5
- , (6)
wihers b and E - are constants,

It follows from {2) and (6) that the number of
registered meteors in the stream may be represented in
the form: ]

1:} va, ha
g ¢ ,
1’—-—« —-—‘L— m‘{i~ "“ﬁi""" . I el
/\F] - $-4 345‘&"1 gff};é ’fL ‘(ﬁms'f
. ‘ e , (7)
i é, Ao

where My, 18 determined from (3) and (4).

“xpressions (7), (3) and (4) characterize the
de¢pendence of the observation (according to number) on
tiie parameters of the meteor, atmosphere and radar
equipment in the case of a stream.



2, A PARTICULAR CASE (RRCEPTION FPROM A SMALL SPACING OF
ALTTTUDES IN A WARRCY 8%WCTOR)

The most luatenaive ionization occurs in the Zone
with characteristic altituds hg(2). It is for this
renson that an sxamination of a particular case, the
reneption of echo algnals from the thin lever reglon
1ying at an altitude of hah, with s amall aperturs in
sector A8 (in the echo plane).

Tn this nase Lhe cressure was sgual to (2)

. ! F EWAY .{"'i
Qeend 4 &{:‘1 i . 2eal @
P Pan = '"’“;Z-TKA“““ TERIAY HAm = X}

(8)

whale ey - i8 the linear dansity of the slecirons

which corresponds to the charactaristlic altitude;

G=21e/Na; @ =1 AL~ (/plg; 1 - is the latent

heat of steam farmatimfr; - 183 the heat transfer

ractor (2,6); A= Ap/ 2/3 . ia the soefficlent of

meteorie body form:; & - is the denslity of the meteoric

vedy: Ag -~ Lo the coaffiolent dependent on the form

of the body; in the cese of & sphers, Ay = 1.21 ( € ).
After conversion formula (7) takes the Torm (for

the instance of & short observation interval &t =ty - t3):

ot -
patacliy —hi)

i vy ;
o e -
NZ Sbgrg e e (9)
whare U
L TR 1 AH oy @n/AY DT
oo “ U PRI G e 3 = |
(10
- l‘ . ‘5‘
B o= (T 18" AT S TETTRE
! . (11)

Formulas {9) and {10) may be used &#a epproximetive
operational Pormuiss.



3. A CONPARISCN OF RADAR SPTS WITH DIFFTRENT PARAMETIERS

et

We willi compere the numbor of echos registered by
two radar units in a certain sector AB under equal stable

conditions. ,
It follows from {9), (10). (11) snd {5) in the

case of weak diffusion ( A£1) that

b

Avign W{fﬂ g S
K¢ 7 1 l 7,
: SARTOTRNS D % b POV P X TR
LT S P ST I G T
Fs 7 I PR : : . ( 12 ’
i P i
Pt b ﬁ‘t )

In the cese o7 intensive diffusion {A>2)

Knewing the number of meteors registered by one
of the stavtion, we may by means of conversion determine
the a2xpected quantity of meteors dilscovered by ancther
stetion {under analogous circumstances). It should be
borne in mind that the relatton -Nj/N, will be debermined
by the meteor's parasmeters rether than by the parameters
of the radar set alore, inasmuch as the values » and D,
wihich are determinable for s characteristic altitude,
depend on the velceity of the meteorio body, the zenith
distancs of the radian, estc., Besides, Nj/No depend on
the mass dlstribution of the meteoric bodies.

Forrulas (12) and (13) have been obtained in some-
whet different form by F.I. Persgudov (4).

While examining this problen, we did not take
intoe conslideration the instance of very intensive diffu-
alon,

Tomsk Polytechrnic Institute Submitted tc the
editor
.3 October 1658
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A MOLRCULAR . TIME AND FREQUFNCY STANDARD
A. Ya., leykin

Astronomicheskiy Zhurnsl

[Astronomical Journalj,
Vol., XXXVI, No.4, Moscow,
Jul.~Aug. 1959, pp.734L=-738

4 report ie mede on the creation of a molecular
time and frequency atandard at the Kharkov State
Institute of Measures eand Measuring Instruments,
which 1s based on the application of a molecular
generator using a beam of ammonia molecules.
A procedure is described for tuning ths freguency
0f {he moiecular geperator according to minimum
Trequency varietion as a function of the ammonia
pressure in the beam source. The resolving
power of this tuning method is estimated at

3 10-40,
The first results are given of the determination
0T the molecular generstor's freguency expressed
in & second of universal time, UT-2, found from
regular comparisons {beginning 5 February 1958)
batween the frequncies of the molecular genera-
tor and & continuwously operating quartz genera-
tor of the No.3 frequney stendard of the Insti-
tute,
It is vpointed out that a molecular generator
employing an ammonia molecular beam together
with & continucusly operating quartz cleck can
be used successfully as & time and frequency
standard.




Irregularities in the sarth’s rotation limit the
accuracy of reproducing time and Traquencey units., In
connectlon with this the need has arigen to apply a new
time end frequency standard which is not bound to the
earth’s rotation. Atomle and molecular stendards have
avpeared to bs most appropriate for this purposae,

, The absolute frequency velue of these dsvices
\thase frequencles ordinarily lle in the centimetar and
millimeter wavelength bands) are bdasically determined

by atomic and molscular absorption apsctre or the irradia-
“lon of matter and depend very little on externsl condi-
tions. If a perledic comparisor i3 made betwsen stomic
(or molecular) froquency standards and continuously
operating yuartz clocks, it becomes poasible to have a
time standard, unconnected with the sarth's rotation.
Hitherto, only microwave absorption apsctra of cesium (1)
heve been used for systematic comparison with a contiau-
cusiy opersting quartz cicek., This deviece has beon called
the cssium resonator,

A description is given in (2} of the anplication
of & molecular ammonin generstor for this purpose, howsver
crie cannot form ary concept of the systematic nature of
these cbservations from the dats presented. And, besides,
the numbdr of these observations iz not vary large.

A molscular generator using an ammonia beam (3),
developed by N.G. Bascy and A.M. ProkXhorov has been enmployed
for this purpose sinee February 1958 at the Khar'kov State
Inatitute of Measures snd Measuring Instruments. The
electbricel parameters selected Tor our moleculer generator
are the ssume s In (4} (the length of the quadrupole capec-
ltor whiel sorts the molecules according to energy level
and focusaes the molecular heam is 1k - 100 mm, the length
of the volumetric resonator ip - 27 min, the diameter of
the resonator 4p ~ 9,725 mm}, although & numbex of changes
have been introduced into ita construction.

The resomator of the penerator has been provided
with a mechenicel tuning system which permits & running
obange In generated frequency within small limits. Two
independent melscular generators are mounted in & single
vacuum housing. Fig.l shows & photograph of the overall
.ppearance of the molecular generator, also showing it
with the hood removed.

Aa 1%t is known, at a very high transient stability
in the frequency of the molecular genarator, 1ts absolute
value can change substentially ss a function of the in-
tenaity of the molecular beam (the préssure of the ammonia
at the beam source and voltage in the quadrupole capacitor)
and, especially, es s function of the geometrical



Flgure 1. a - A phcﬁsg&aph of the overall appearance
of ths molecular generatsr; b - the molec~
ular genarator with the housling removed

dimensions of the resonator (3,5). Hence, in order to

uze the molacular generator a8 @ frequanay standard, it
hes baaen ne esaar“ to davelop this tuning methed which

will provide the rep rﬂﬁuctiar ¢? an absclute Trequency

value with &T‘a&t an .”umy.

Investipgations {6 mede in 1957 have shown that
for our molecular genaratoy model the dependsnce of
frequency on the smmonia pressurs af the molecular beam
sourcs i an order larger than on the voltage in the
guadrupols cspscitor, At the same tine, as follows from
(3,5}, tunine poal%ions have 218o been found in the
ragovator for which the generator's frequency had changed
verv 1ittlie unon varietions in the amount of voltage in
the guddrupols capacitor ard in the ammonia pressure at
tre molecular beap source. Although resonmtor tunings
wiinh correspond to the minimum frequency changs in the

melecular genarator ag a Tunction of ammonie pressure
and voltage 2t the gusdruncle capacitor do not coinelds,
it did appear that if the resounstor is tuned scoording

to the minimum frequansy change from the aruronia pressure,
wihen voltage variation in the quadrupole ocapascitor of

1% uaroiﬁt cc2urred, the frequency was altered by approx.
1 - 10" This sxn&ularity was, to be sure, anticipated
on the b&sis of the method developed for tuning the

3




molecular ganerator (6.
3 operasing principle may be clarified by an
examination of the block-diagram depicted in fig. 2.

G 1 - ‘ MG IX

——

Ammonis I“”I =
inlet e
- ;wmﬂgnggaa
-
T ~ 5
- "/'ﬂ,
- /// ”
Pulse Frequency »
gsnerator detector ///
Cscillograph

with aftergliow

Fige 2 Block Diagram of tha molecular
gensrator tuning system

The signals from the two molecular generators (MG T
and MG II) are applied to a mixer (M). At the mixer output,
difference freausncy osclllations are gotten, whersupon,
inasmuch as the frequenclies of the generators dirfer some-
what, this frequency will be low (in the order of gseversl
hundred cycles per second)., After amplification by the
low frequency asmplifier (LFA}, the difference frequency
oscillations are fed into the input of the frequency detec~
tor. At the output of the frequency detector, an electron
oscillograph with a long-lasting afterglow screen and low
velocity scanning i{s attached as an indicator.

It is easy enough to see that if the frequencles
=T the oscillations from both gensrators are constant or
change very slowly in time, the emplitude of the voltage

4




at the frequency detesctor output will equal zZero, and
the heam on the osclllograph scresn will draw a atraight
AT ST N :

We will now amssume that thsere is & tube through
which ammonie enters the molecular gensrator MG-I and
1s periodlically constricted by an electromagnet regulated
by the pulse generator. The ammonis pressure at the
molecular beam source of the MG-I generator will then
also be varied periodically, and, consequently, the fre-
auency which it produces will algo alternate. In other
worde, the MG-I genervator's oscillations will turn out
“ be frequernay modulated., Wheraeupon, the difference
Trecusnoy signal {at the mizer's output) will slso be
frequency modulated, and alternating voltage wlll appear
at the output of the frequency dstector, the amplitude of
which will be proportional to the value of the frequency
change in oscillations from the M3-I generator,and the
form wiil be traced by the beam on the oscillogzreaph
seraen.

When the tuning is changsd in the MG-T generatorts
rsgonator, the ampiitude of the alternating voltage seen
on the oscillograph screen will be altserad.

A tuning position can be found for which (at = ziven
sensitivity in the entire installation) the amplitude of
the alterneting voltage will equal zero, and s straight
line will be seun on the oascilliograph screen. This will
alsc he the tuning position of the resonator at which the
molecular gengrator's frequency depsnds very little on
chenges in the preasurs of the emmonia, and if the slight
varietion irn frequenocy from the voltage difference in the
quadrupole capacitor is ignorsd, it will be equal (3} in
tha Tirst approximation to the spectral transitiorn frequen-
¢y. The resolving power of the tuning method has th
value as 3 « 10710, It sppears to us that this can be raised
later orn.

The frequency of the molecular generator, tuned in
Lo manney desceribed, has beginning on 5 February 1958
been systematically compared with the fraequency of the
auartz generator of the No.3 group frequsnoy atanderd of
the Inatitute, in continuous oneration since 1950 by means
of & special collation system.{6). From 8 March comperison
bas been made with the two molecular generators. It has
turned out thet the root-msan~sguere deviation in the
difference frecuency of the two molecular generators from
the mean value has comprised * 2.5 10-4iU,

¥e note that in preparing the gensrators measures
ware not taken to obtain complets identity in all the
elements, loreover, certain elements have been knowingly




altered. Thus, for example, the snergy factor in the
resonators differ by about two times. Regardless of
how the comparison firdings are shown, the differences
in the absolute valu=s of their frequencies do not
exceaed the resolving power of the tuning method,

The frequency of the molecular generator is deter-
mined on the basis of a second of universal time, UT-2,
which 18 based on the sarth's rotation. To thies end,
by rizans of a KKhZ quartz clock measurements ares taken
deily of the frequency of the molecular generator acsord-
ing to time signals glven by station GBZ at 10 hours
with subszquent correction for standard time (as pullished).
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Filgure 3. The fraquency of the molecular
generator as a function of UT=2
(according to time signal reception
from stetion GBZ 10%. 1 - with
correction for standard time;
2 - without standard time correc-
tion

Flpure 3 shows the frequency of the nmolecular
renerator as a funeticn of time, Fach point is the
average value of frequency calculated per ten day period.
Thne 301id line curve hes been plotted with considzration
of the standard time correction, while the broken line
has not been adjusted and is drafted only according to
time sienel reception. In view of the grest accuracy in
reproducing the absolute value of frequency in the molec-
tilar genzrator, the scetterling of points indicates inac-
curacy in the reception of the time signals,
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Performing the comparisons described mekes it

possible in the future, it sppesrs to us, to obtain
Cate on non-psriodic varistions in the rctational
veloclty of the earth, similsr to these shown in (7).

It follows from an examinstion of the findings

that the molecular gererator using an ammonia molecule
beam, together with a continuously operating quarsz
elock, can be successfully utilized as & time and
frequancy standard. It therefore ssems to us that
¥ssen's (8) claim thet the ammonis standard is less
seourate than cesium is premsture.

In conclusion we will take this opportunity to

extand our thanks to L.D. Bryzzhev for his unflagging
intersst in this work, his valuable counsel and
Judgment on the findings.

In preparing the molecular generator, developing

the collation syatem and making comparison checks, Ye.

e
=¥

Orlov, A.I. Samoylovich, I.V. Baulin and M.I. Klyus

have been collaborators, The author expresses his
thanks to them. ‘

Khartkov Stata Institute Submitted to

of Meesures snd Measuring ' the editor

Instrumsnte i2 September 1958
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OBSERVATION OF THE CKAB NEBULA WITH THR
LARGE RADIO TELESCOPE OF THE MAIN

ASTRONOMICAL OBSERVATORY AT FUIKOVOQ

G.P. Apushkinskiy
Yu.N, Pariyskiy
Astronomicheskivy Zhurnsl
[Astronomical Journai},
Vol. XXXVI, No.4, Moscow,
Jul.-Aug. 1959, pp.739-740.

The results of proliminary observation of the
Crab Nebuls on the 3 om wave length are glven.
The observations were mads at Pulkovo Observa-
tory with a radio telescope of high resolving
power,

The sngular dimensions, the coordinates of the
active center of radio emission and the asym-
metry of the source were determined,

The Tindings are disoussed of preliminary cbserva-
tions made in Ssptember 1958 on the wave A=3 om, with a
radio telescope {1) having a beavertail beam approxinmately
2' X 20" in size with a receiver (2) having s sensitivity
of 0,29 X st constant timeT=2.5 sac.

Three recordings were made of transmissions from
the source through the antenna pattern, leid out on a
large scale in the meridian plane,

Tig. 1 shows the recording averaged by the four

1




transmissions {the dash-line curve is given, nlotted
symmetrically to the eastern edgse).
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Figure 1

The half-width and 1limits of the radio-emission area of
the source, adjusted to the antenna pattern were 3'.4+0',1
and less than 6', respectively. Asymmetry was noticeable;
the weatern edee was at a greater slant which qualitatively
coi?c%ded with eclipse observations at wave length A=75
cem (3.

The coordinate of the active emisgsion center in
right ascension wass « 950=5h 31m 298,55 & 1s.

It is interesting to note that the emission center
has shifted west of the former supernovae toward the
great cluster (see, for example (4), It is possible that
thlis displacement has been caused bv the asymmetry of the
source,




A comparison is given In fig. 2 of the dlstribution of
radic brightness with observations in the optical and
radio wave ranges (4,5,6). It has recently been pro=-
poged at the Main Astronomical Observatory that a
detailed atudy of the Creb Nebule be conducted with a
greater resolving power..

Main Astrononmisal Cbservatory Submnitted to the
Acadeny of Sciences UISR editor 17 March 1959
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